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USAF  Contract  No,  AF  33(0?^ )o75^»  The  contract  was  initiated  under  Re*» 
fiearoh  ar .i  Development  Order  No.  611-11,  BKXectrodepo8ltion  and  Electro- 
chemical Treatments **  and  was  administered  under  the  direction  of  the 
Materials  Laboratory,  Directorate  of  Research,  Wright  Air  Development 
Center,  w' th  Major  L.  E,  Michael  acting  as  project  engineer.  This  is  the 
Final  Report  on  the  phase  of  the  work  related  to  outdoor  exposure  testing 
of  certain  experimental  coatings  on  steel. 

The  work  was  conducted  by  A,  B.  Tripler,  Jr.,  J.  Edwin  Bride,  Glenn 
Sohaer,  Clen  Fuller,  and  C.  L.  Faust,  all  of  Battelle  Memorial  Institute, 
Columbus,  Ohio., 
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Pur  ©-man  gen  98  e , man  g&ncs  ©-  zinc-alloy,  anti  zinc- tin-alloy  coatings 
on  steel  were  exposed  far  21  months  at  the  B&ttelie  North  Florida  Research 
Station,  Panels  ooated  with  tine,  cadmium,  and  chromated  sine  ware  exposed 
concurrently  as  standards. 

The  pure-manganese  and  m&nganese-tino  coatings  were  inferior  to  the 
eino  end  cadmium  standards. 

The  tinc-tin-alloy  coatings  of  thickness  ^d  greater  pro- 

tected the  underlying  steel  as  well  as  the  tino  md  cadmium  standards* 
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SKTRCDUCTIOH 


In  a temperate  climate,  elec  trod  ©posited  *ino  or  cadmium  keeps 
steel  from  rusting  for  tee  years  or  more*  In  tho  tropics*  sine  and  oadtnium 
costings  deteriorate  rapidly  sad  the  steel  then  m>rr«d«« , Tri  many  oar.es ; 
this  occurs  in  less  than  a year*  During  World  War  II*  this  condition  became 
a menace  to  aircraft  which  wars  operating  In  the  tropica*  In  addition,  the 
storage  of  steel  aircraft  parts  could  not  be  accomplished  with  safety. 

In  19)46,  the  Mr  Force  contracted  with  Battelle  Memorial  Institute  to 
conduct  an  exploratory  research  for  substitutes  for  sine  and  cadmium  coatings 
for  steel  parts  of  aircraft.  In  planning  this  work,  two  restrictions  were  es- 
tablished for  the  substitute  coatings t (1)  the  coatings  must  provide  sacrific 
ial  (oathodic)  protection  for  SAE  Iil30  steel,  (2)  the  coatings  must  be  capable 
of  being  electrodeposited. 

The  practical  galvanic  aeries  of  metals  and  alloys  shows  that,  of  the 
metals  which  can  be  electrodeposited  from  aqueous  solutions,  there  are  only 
three  expected  to  be  more  active  than  iron.  These  three  metals  are  zinc, 
oadmiuin,  and  manganese. 

This  limited  the  searoh  to  alloys  of  cadmium  or  zinc,  and  pure  manganese 
and  Its  alloys.  In  order  to  keep  the  problem  from  becoming  too  complex,  the 
study  was  further  limited  to  binary  alloys. 

Although  climatic  conditions  vary  in  the  "tropics",  the  common  denomi- 
nator was  the  daily  cycle  of  moisture  condensation  and  drying*  In  accelerated 
laboratory  tests  made  to  simulate  those  conditions,  pure  manganese  coatings, 
ziao-tin-alloy  (20-60)  coatings,  and  man.ganese-zino~a3.loy  (5CW5O)  coatings 
shewed  premise  of  being  superior  to  tino  and  possibly  also  to  cadmium. 

This  report  telle  what  happened  when  panels  plated  with  these  experimen- 
tal coatings  were  exposed  outdoors  at  th6  inland  site  of  the  Battelle  Ncrth 
Florida  Research  Station,  Daytona  Beach,  Florida. 
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Of  the  three  experimental  oog  tings  tested  at  the  Battel le  North 
Florida  Research  Station  only  the  iino“tin-alloy  coatings  o£‘  0„3-  and 
0, 5-mil  thicknesses  offered  protection  equal  to  the  lino  and  cudmiuia 
standard  coatings.  Because  iha  test  was  discontinued  after  approximately 
21  months ' exposure , no  conclusions  can  ba  drawn  aa  to  whoth wr  Iho  sino- 
tin  is  superior  or  inferior  to  sine  and  cadmium  at  this  exposure  site* 

Zinc- tin-alloy  coatings  of  0»l*»ail  thiokness  war©  inferior  to  both 
aino  and  cadmium  coatings  of  like  thickness, 

Pure-manganese  and  manganeae-sino-alloy  coatings  failed  rapidly. 

A 0. 5-mil  coating  of  either  one  was  somewhat  inferior  to  0.1  mil  of  sine, 
and  was  not  nearly  so  good  as  0.1  mil  of  oadndum. 

The  preparation  of  the  teat  panels  is  described  in  detail  in  the 
report* 
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Introduction 


Three  thicknesses  were  tested  for  each  experimental  coating : 0.  1 mil, 
0,3  mil.  and  0,5  mil.  There  were  foui  4 x 6-inch  panels  fen  each  thick- 
ness. For  the  three  experimental  coatings,  this  added  up  to  36  panels. 

As  standards  of  comparison,  panels  coated  with  pure  zinc,  chromaied 
zinc,  and  cadmium  were  exposed  simultaneously.  They  were  also  prepared 
in  the  three  thicknesses,  and  there  were  four  panels  for  each  thickness. 

Thus,  there  were  36  standard  panels,  making  a grand  total  of  72  panels. 

Each  of  the  72  panels  comprised  a "four-in-one"  test;  that  is,  each 
panel  had  four  significant  areas  which  were  observed  separately  during  the 
test  period. 

The  surface  facing  the  sky  (the  panels  were  mounted  on  ASTM  racks 
at  an  angle  of  30®  from  the  horizontal)  is  referred  to  as  the  top,  and  the 
surface  facing  the  ground  is  referred  to  as  the  bottom.  Each  of  these  two 
surfaces  had  a 4 x 4-inch  area  which  was  unmarked,  and  a 2 x 4-inch  area 
which  had  two  intersecting,  diagonal  scratches  (see  Figure  3 in  Experimental 
Work  section).  The  coatings  were  scratched  in  order  to  determine  the  degree 
of  sacrificial  protection  given  to  the  underlying  steel.  The  scratches  were 
milled  to  a width  of  0.006  inch  and  a depth  sufficient,  to  expose  the  underlying 
steel. 


In  the  tabulated  results,  found  in  Appendix  A,  four  symbols  are  used 
to  designate  the  four  areas.  T refers  to  the  unmarked  portion  of  the  panel 
that  faced  the  sky,  TX  refers  to  the  scratched  por.ion  of  the  panel  which 
faced  the  sky,  B refers  to  the  unmarked  portion  of  the  panel  which  faced 
the  ground.  BX  refers  to  the  scratched  portion  of  the  panel  that  faced  the 
ground. 

During  the  first  four  months,  the  panels  were  examined  semimonthly, 
after  that  they  were  examined  monthly. 

The  arrangement  on  the  exposure  rack  is  shown  in  Figure  I. 

Each  panel  was  notched  according  to  a code  illustrated  in  Figure  3 
in  the  Experimental  Work  section. 
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FIGURE  1.  SCHEMATIC  DIAGRAM  SHO^IHG  AJtKAMGEMBfT  OF  TEST  PAXELS  OH 


In  addition  to  the  regular-  Laboratory  Record  Book  entries,  Kodachrume 
slides  were  made  of  the  panels  during  exposure.  These  were  made  after  6 
morphs,  one  year,  and  21  months.  Two  sets  were  made  each  time.  One 
set  was  retained  by  Battelle,  the  other  was  sent  to  the  project  engineer  at 
Wright  Field.  The  slides  were  marked  according  to  the  numerical  arrange- 
ment giver,  in  Figure  1 . 

The  tests  commenced  May  17,  1951,  and  were  discontinued  on  Feb- 
ruary 27,  1953. 

The  sole  criterion  for  judging  the  protective  value  of  the  experimental 
coatings  lies  in  how  they  compare  with  the  zinc  or  cadmium  coatings. 


2lnc-Tin-Alloy  Coatings 


For  the  twenty-one  months  that  the  panels  were  tested,  the  0.3  mil. 
and  0.5  mil  zinc-tin-alloy  coatings  protected  the  underlying  steel  as  well 
as  the  zinc  and  cadmium  standard  coatings  of  like  thicknesses. 

The  0,1-mil  zinc-tin-alloy  coatings  were  much  inferior  to  the  ainc 
and  cadmium  coatings  of  this  thickness.  The  bottoms  showed  considerable 
rusting  after  two  months  (see  Table  A-l,  Appendix  A).  Table  A-2,  Appendix 
A,  shows  that,  after  four  months,  rusting  was  severe. 

The  observation  here,  that  thin  coatings  of  zinc-tin  alloy  fail  rapidly, 
confirms  the  findings  of  other  observers.  The  thin  coatings  are  probably 
more  porous  than  thicker  coatings. 

Zinc-tin-alloy  coatings  confer  about  the  same  amount  of  sacrificial 
protection  on  steel  that  cadmium  coatings  do.  This  was  shown  by  the  early 
appearance  of  rust  in  the  scratches.  Rust  was  present  to  approximately 
the  same  extent  in  the  scratches  of  the  cadmium  coated  panels.  Corrosion- 
current-density  measurements  were  made  several  years  ago  when  tlie 
laboratory  phase  of  this  work  was  in  its  early  stages.  Zinc-tin  (20-80)  had 
about  the  same  static  potential  as  pure  zinc.  Yet,  when  coupled  with  bare 
steel,  a smaller  current  flowed  in  the  cell  containing  the  zinc-tin  alloy. 

This  is  because  the  zinc-tin  alloy  polarizes  to  a greater  extent  than  pure 
zinc,  thus  accounting  for  the  lower  degree  of  cathodic  protection. 

It  is  not  recommended  that  zinc-tin  coatings  as  light  as  O.i  mil  be 
used.  Since  the  testing  of  the  0.3-mil  and  0.5-mil  coatings  was  discontinued 
before  they  had  failed,  no  conclusions  can  be  drawn  concerning  their  relative 
effectiveness  as  compared  to  zinc  or  cadmium. 
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Pure-Mangfittea; 


C o ft  t ing  b 


Pure -manganese  coatings  were  interior  to  zinc  or  cadmium  coatings. 
Reference  to  tHe  cumulative  data  tabulated  in  Appendix  A shows  that  0. 1 mil 
of  either  sine  or  cadmium  was  better  than  0,5  mil  of  manganese. 

The  msng&neee  coatings  failed  largely  due  to  undercutting  (this  was  also 
true  of  m&nganese-zine-ailoy  coatings).  The  point  of  weakness  was  the  intei  - 
face  between  the  coating  and  the  steel.  The  rust  spread  laterally  beneath  the 
coating,  prying  it  loose.  After  the  coating  Raked  off,  rusting  proceeded 
rapidly. 

The  degree  of  sacrificial  protection  given  by  manganese  coatings  is 
difficult  to  determine.  Manganese  corrosion  products  formed  in  the  scratches, 
but,  being  brown,  they  masked  any  iron  corrosion  products  which  formed. 

Any  sacrificial  protection  offered  by  manganese  was  not  of  long  duration,  be~ 
cause  of  the  rapid  oxidation  of  the  manganese.  The  corrosion  products  were 
cathodic  to  steel  and  this  may  account  for  the  undercutting  which  was 
observed. 


Manganese -Zinc -Alloy  Coatings 


The  manganese-zinc-alloy  coatings  were  formed  on  the  steel  by  plating 
manganese  on  the  steel,  plating  zinc  over  the  manganese,  and  then  heating 
so  as  to  cause  diffusion.  Details  are  found  in  the  Experimental  Work  section. 
The  composition  of  the  coating  approximated  50Mn-50Zn  (weight  per  cent). 

Manganese -zinc  showed  the  same  failing  at  the  basis  metal-coating 
interface  that  pure  manganese  did. 

The  mang&nese-saine-alloy  coatings  were  also  inferior  to  zinc  or 
cadmium  coatings.  Zinc  or  cadmium  coatings  of  0.  1 mil  were  superior  to 
the  0.5-mil  manganese -zinc  coatings. 
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EXPERIMENTAL  WORK* 
Pre p ar ation  of  Exposure  P aneig 


Gene  ral 

The  SAE  4130  steel  on  which  the  experimental  and  standard  coatings 
were  plated  measured  4 inches  x 18  inches  x 1/32  inch  aa  received.  Be- 
cause the  larger  else  facilitated  polishing  and  buffing,  these  operations  were 
completed  before  cutting  the  »t££l  to  the  4 x 6-inch 

The  large  panels  were  cleaned  in  a hot,  alkaline,  soak  cleaner.  They 
were  then  polished  on  240-grit,  substantially  new,  emery  belts.  The  final 
finishing  was  done  with  a sisal  buff  (Tampico  wheel),  which  produced  a finish 
about  equivalent  to  a 300  grit.  The  panels  were  then  cut  to  the  4 x 6-ineh 
size,  care  being  taken  not  to  mar  the  surfaces.  The  cut  panels  were  stored 
under  kerosene  until  ready  to  plate. 

A "robber"  type  rack  was  used  for  plating  the  panels  {see  Figure  2), 

It  was  formed  by  bending  1/8  x 1-inch  hot-rolled,  plain-carbon  steel  into 
a rectangular  frame  measuring  6-1/2  inches  x 4-1/2  inches,  inside  dimen- 
sions. The  butting  ends  of  the  frame  were  welded  together.  As  shown  in 
Figure  2,  the  steel  panel  was  supported  within  this  frame  by  three  contact 
points.  Two  of  them  were  located  on  the  inside  of  the  lower  4-l/2-inch  side. 
The  third  was  a spring  clip  located  on  the  upper  4-1/2-inch  side.  A l/4-inch 
rod  was  brassed,  end  on,  to  the  outside  of  the  upper  4-l/2-inch  side.  The  rack 
was  suspended  in  the  plating  bath  by  this  rod,  which  in  turn  was  fastened  to 
a reciprocating  or  to  a stationary  work  rod. 

The  dimensions  of  the  rack  were  determined  experimentally  as  those 
giving  uniform  plate  distribution.  A slight  modification  of  the  rack  was 
necessary  in  o'der  to  get  uniform  distribution  when  plating  manganese.  The 
one-inch  strip  of  the  "robber"  was  narrowed  to  three-quarters  inch,  and  four, 
l/4~inch  holes  were  drilled  in  ihe  top  atrip  to  allow  gas  to  escape.  Small 
defects  in  the  plates  occurred  at  the  three  points  of  contact  with  the  rack. 

They  were  lacquered  to  eliminate  them  as  foci  of  corrosion. 

Three  coating  thicknesses,  0,  1 mil,  0.3  mil,  and  0.5  mil,  were  pre- 
pared tor  each  type  of  coating,  and  there  were  four  panels  for  each  thickness. 
The  Magne-Gage**  was  used  for  determining  coating  thicknesses.  A tolerance 
of  £-10%,  relative  to  the  nominal  thicknesses  given  above,  was  allowed.  A 
magnet  was  especially  calibrated  for  measurement  of  manganese  coating 
thicknesses . The  method  is  described  later  in  this  section  under  Manganese 
Plating. 
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Identification  of  the  type  of  coating  and  thickness  was  made  on  each 
panel  by  a series  of  V notches  cut  in  the  edge  of  the  panel  prior  to  plating. 
The  code  used  is  explained  in  Figure  3.  The  observer  is  looking  at  the  top 
(side  which  faced  the  sky  during  the  test)  when  the  coating  code  notches  are 
at  the  upper  left  and  the  thickness  code  notches  are  at  the  upper  right. 

Figure  3 also  shows  the  position  of  the  scratches  or  scribe  marks.  The 
latter  were  made  after  the  panels  were  plated.  They  were  cut  accurately 
on  a milling  machine  to  a width  of  0.  006  inch  and  a depth  sufficient  to  expose 
the  underlying  steel.  The  milling  was  facilitated  by  use  of  a specially  pre- 
pared jig.  The  diagonal  cuts  were  made  on  each  side  of  each  panel. 


Zinc  Plating 

The  sine  plating  on  those  panels  having  zinc  alone  was  done  from  a 
cyanide-type  bath.  The  composition  of  the  solution  and  the  conditions  for 
plating  are  given  in  Appendix  B. 


Cadmium  Plating 

The  cadmium  plating  was  done  from  a proprietary  cyanide-type  bath. 
The  composition  of  the  solution  and  the  conditions  for  plating  are  given  in 
Appendix  B. 


Manganese  Plating 

Sound,  lustrous-gray  deposits  of  manganese  were  obtained  from  a 
sulfate-type  bath  containing  large  amounts  of  ammonium  ion  and  a very 
small  amount  of  sulfite.  The  bath  composition  and  plating  conditions  are 
given  in  Appendix  B. 

A calibration  curve  for  the  measurement  of  manganese  plate  thickness 
was  not  available,  A calibration  was  made  by  first  testing  the  thickness 
magnetically,  and  then,  using  exactly  the  same  spot,  measuring  the  true 
thickness  of  a microsection  with  a microscope.  The  magnetic  values  were 
plotted  against  the  true  values  to  obtain  the  curve. 


Zinc -Tin-Alloy  Plating 


The  zinc-tin  alloy  was  deposited  from  a cyanide-stannate  bath  developed 
by  the  Tin  Research  Institute  in  England*.  The  alloy  had  a nominal  composi- 
tion of  80%  tin  and  20%  zinc. 


® J.  Electrochem  Soc.  , 94,  73  (1 948) 
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Coding 

A ~ Zinc 

A + C * Zinc  + ch  remote 
8*  Cadmium 

C 3 Manganese 
A+8  3 Zinc-tin 
8 + C*  Manganese -zinc 

1 * O.l  mil 
2>  0 3 mil 
3*0.5  mil 

FIGURE  3.  SCALE  DRAWING  OF  TEST  PANEL  SHOWING  COOING  SCHEME  FOR 
IDENTIFICATION  AND  LOCATION  OF  DIAGONAL  SCRATCHES 

AI'TR  lj(f)2  SttppX  h 

xo 

Both  composition  and  plating  conditions  are  given  in  Appendix  R. 
There  is  also  a note  regarding  the  importance  of  using  high-purity  sodium 
atarmate. 


Manganese  -Zinc-Alloy  Diffusion  Process 

The  manganese -zinc -alloy  coatings  were  prepared  by  heat  treating 
manganese-zinc  duplex  coatings  so  as  to  cause  inter  diffusion  of  the  two 
elements. 

Manganese  was  plated  directly  on  the  steel  from  the  regular  manganese 
bath,  A very  dilute  zinc  cyanide  bath  was  then  used  to  place  a sine  strike 
over  the  manganese  plate.  The  balance  of  the  sine  was  then  deposited  over 
the  strike  from  a special  acid  zinc -plating  solution. 

After  plating,  the  panels  were  placed  in  a cold  blower-type  furnace. 

The  temperature  rose  to  600  F in  one  hour  and  twenty  minutes.  The  fur- 
nace was  held  at  this  temperature  for  six  hours.  The  panels  were  furnace 
cooled  to  room  temperature  in  6-1/2  hours. 


Chromate  Conversion  Coatings 

The  chromate  conversion  coatings  were  formed  by  the  Cronak*  pro- 
cess on  12  of  the  zinc-coated  panels.  Details  of  its  use  are  given  in 
Appendix  B, 


The  Outdoor  Exposure  Site 


The  panels  were  mounted  on  standard  ASTM  racks  at  the  inland  site 
of  the  Battelle  North  Florida  Research  Station,  Daytona  Beach,  Florida. 
This  site  is  approximately  two  miles  from  the  Atlantic  Ocean.  Salt  spray 
is  essentially  nil  and  a heavy  dew  occurs  nine  out  of  ten  nights. 

The  racks  faced  south  and  were  elevated  30 # from  the  horizontal. 


• New  Jersey  Zinc  Co. , U.  S,  Patent  2,036, 380. 
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APPENDIX  A„  CUMULATIVE  RESULTS  OF  OUTDOOR-EXPOSURE 
TESTS  FOR  EACH  TWO-MONTH  PERIOD 


TABLE  A t.  CUMULATIVE  RESULTS  Ol  OUTUDOR-F-XPOSURE  TESTS 
AFTER  60  DAYS’  EXPOSURE(i) 


Coating^ 

Type  Thickness 

Section 

of  Parrel^ 

Description  of  Conosion 

f.in 

0.1 

T 

Scattered  pin -point  rusting  throughout;  very  numerous  pin  points  of 

rust  on  vertical  edges 

TX 

Numerous  pin  points  of  rust 

B 

Small  area  of  nut  a„  'cv.er  left  comers  of  aU  4 specimens 

BX 

Numerous  pin  points  of  rust  on  1 specimen;  r few  pin  points  on  3 

spec  line  us 

2n 

0.1 

T 

No  ns? 

TX 

Very  slight  trace  of  rust  in  scratches;  scratches  mostly  filled  with 

white  corrosion  products 

B 

No  rust 

BX 

Same  aa  TX 

Mn-Zn 

0.1 

T 

No  rust  on  2 panels;  trace  on  2 panels 

TX 

A few  rust  pin  points  or.  1 panel;  rust  traces  In  scratches  on  3;  3 panels 

show  small  rusted  area 

a 

One  pin  point  and  a few  small  rusted  areas 

BX 

Same  as  B 

Cd 

0.1 

T 

No  rust 

TX 

Slight  scattered  traces  of  rust  in  scratches 

B 

No  rust 

BX 

Same  as  TX 

Zn-Sn 

0.1 

T 

Several  pin  points  of  rust 

TX 

Panel  l shows  1$  rust;  panel  2 shows  Vjo  rust;  panels  3 and  4 show  4% 

rust 

B 

Pin-point  rust  covers  60*5fc,  40^,  2&j*.  and  3°(b.  respectively 

BX 

Rust  spreading  from  scribes 

Zn(Cr) 

0.1 

T 

One  small  ares  of  nut  on  each  of  2 specimens 

TX 

Same  as  T 

B 

No  rust 

BX 

Traces  of  rist  in  scratches 

Mn 

0.3 

T 

No  rust 

TX 

One  pin  point  of  run  visible  aftsi  13  days;  no  longer  visible  after  80 

days 

B 

No  rim 

No  rim 

/-It 

0.3 

T 

No  rim 

TX 

No  rust;  white  corrosion  products  in  scribes 

S 

No  rust 

aX 

No  rust;  white  corrosion  products  in 

AFl'R  -jupp!  i; 


TABI.K  A-l.  (('oniinucd) 


Coating^)  Section 


1V*>3 

Thickness 

of  Ptnel^ 

Description  of  Corrosion 

Mn-Zn 

0.3 

T 

No  rust 

TX 

Very  slight  (race  of  rim  In  scratches  after  18  days;  no  longer  visible 

after  60  days 

B 

No  rust 

BX 

No  rust 

Cd 

0.3 

T 

No  rust 

TX 

Slight  trace  of  tin;  in  scratches 

B 

No  rust 

BX 

Scattered  traces  in  scratches 

Zn-Sn 

0.3 

T 

No  rust 

TX 

Traces  of  rust  in  scratches 

B 

No  rust 

BX 

Traces  of  rust  in  scratches 

Zn(Ct) 

0.3 

T 

No  rust 

TX 

No  rust 

B 

No  rust 

BX 

Few  traces  of  rust  In  scratches;  white  corrosion  products  In  scratches 

Mn 

O.S 

T 

No  rust 

TX 

No  rust 

B 

No  rust 

BX 

No  rust 

Zn 

0.6 

T 

No  rust 

TX 

Possible  Dace  of  rust  in  scratches;  white  corrosion  products  in  scratches 

m 

D 

No  rust 

BX 

No  rust;  white  corrosion  products  In  scratches 

Mn-Zn 

0.6 

T 

No  rust 

TX 

Powible  slight  Daces  of  rust  In  scratches 

B 

No  rust 

BX 

No  rust 

Cd 

0.6 

T 

No  rust;  1 pin-point  blister  on  each  of  2 specimens 

TX 

Numerous  traces  of  rust  In  scratches;  several  dny  blisters  on  1 specimen 

3 

No  rust 

■ V 

im 

Rust  In  scratches  for  about  5G%  of  length 

Z.n  -Sn 

0.5 

T 

No  rust 

TX 

Traces  of  rust  In  scratches  for  about  75%  of  Length 

B 

No  rust 

BX 

Slight  Duces  of  rust  In  scratches  for  about  25%  of  length 

Hi 
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TABLE;  A -1.  (Continued) 


Coating^ 

Type  Thickness 

Section 
of  Panei<3> 

Description  of  Corrosion 

Zn(Cr)  0.6 

T 

No  rutt 

TX 

No  rutt 

B 

No  rutt 

ax 

No  rutt;  trace  of  white  corrosion  product!  in  tcratchet 

(1)  Test  started  May  17,  1B51, 

(2)  Tins  thickness  values  (0,1,  0.3.  O.S)  are  in  terms  of  mill.  One  mil  3 0.001  inch, 

(3)  T = Unmarked  portion  of  panel  which  faces  sky, 

TX  = Scratched  portion  of  panel  which  facet  iky. 

B = Unmarked  portion  of  panel  which  facet  ground. 

SX  - Scratched  portion  of  panel  which  facet  ground. 
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TABLE  A-2.  CUMULATIVE  RESULTS  OF  OUTDOOR-EXPOSURE  TESTS  AFTER  127  DAYS’  EXPOSURE*1* 
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TABLE  A's 


1 


in  *o*tchr-* 


TMetu'e1*-  Seeilon  Deioitption  of  C 


T ~ Unmarked  portion  of  panel  which  face*  die  iky. 

TX  - Scratched  portion  of  panel  which  face*  the  *ky. 

B - Unmarked  portion  of  panel  which  face*  the  groi  nd. 
BX  Scratched  portion  of  panel  which  faces  the  ground 


IAI1LE  A- 7.  CUMULATIVE  RESULTS  OF  OUTDOOR -EXPOSURE 

TESTS  AFTER  14  MONTHS'  EXPOSURE^) 
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TABLE  A- 7.  (Continued) 
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Footnotes  for  Table  A- 7. 


(1)  Test  started  May  17,  1951. 

(2)  The  coating-thickness  values  (0.  1,  0.  3,  and  0.  5)  are  in  terms  of 

mils.  One  mil  » 0.001  inch. 

(3)  T « Unmarked  portion  of  panel  which  faces  the  sky. 

TX«  Scratched  portion  of  panel  which  faces  the  sky. 

B*  Unmarked  portion  of  panel  which  faces  the  ground. 

BX  ■ Scratched  portion  of  panel  which  faces  the  ground. 
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TABLE  A -9.  CUMULATIVE  RESULTS  OF  OUTDOOR  EXPOSURE  TESTS  AFTER  15 
MONTHS'  EXFOS’JRE(;) 


Coating 

Thlekne**, 

Section 

Type  mllC2 ) 

of  panel^) 

Deicrlptior.  of  Corroiion 

Zn  0. 1 T Ail  panels  have  a uniform  gray-white  film  of  corrosion  product*  with 

innumerable  pinpoint  to  pinhead  ipou  of  heavier  white  corroiion 
product*,  One  panel  hai  no  ru*t,  two  paneli  each  have  a trace  of 
scitered  pinpoint  to  light  rust  it  top  edge,  the  fourth  panel  has  a 
lib  area  at  top  edge  lowing  bartered  pLnpoint  to  light  tun 

TX  Three  panel*  have  2H,  81b,  and  i2H,  respective!) , of  their  surfaces 

thawing  scattered  pinpoint  to  moderate  ru*t;  general  appearance 

tame  a*  T 

B 1%,  31b,  51b,  and  351b,  reipectively  of  the  surface*  of  four  paneli 

showing  moderate  to  heavy  run 

EX  151b,  201b,  261b,  and  301b,  reipectively,  of  the  surface*  of  four  panel* 

showing  moderate  to  heavy  run 

Cd  0, 1 T Ho  rust 

TX  eight  tcinerad  nacoi  of  net  In  icrttchai 

B Ho  run 

BX  Slight  tottered  trice*  of  run  In  acratchei 

Zn  (Cr)  0.1  T No  rusts  all  penal*  hive  varying  amounts  of  pinpoint  to  pinhead  *poti 

of  white  conotion  product* 

TX  21b,  101b,  501b,  and  5 OH,  re*pectively.  of  the  lurface*  of  four  panel* 

have  moderate  w heavy  run 

B No  run 

BX  3%,  12*,  35*,  and  35*,  reipectively,  of  the  surface*  of  four  panel* 

have  moderate  to  heavy  rust 

Zn  0.  3 T Small  area  of  pinpoint  rust  on  cne  panel;  all  panel*  have  uniform 

gray-white  corroiion  products  over  entire  »urface,  with  innumerable 
microscopic  to  pinhead  ipou  of  white  corrosion  product* 

TX  Faint  brown  stair.*  along  lower  edge*  of  all  four  panel*;  gray-white 

end  white  corroiion  products;  same  a=  T 

8 No  run 

BX 

Mn-Zn  0.3 


A.'  A 


t69? 


T 


No  rut;  white  cortoiior.  products  in  scratch** 

5CH,  75to,  88*,  92*,  respectively,  cf  surfaces  cf  four  panels 
covered  with  thickly  clustered  pLnpoint  to  2*mUiimeier  run  spots 


i ABi.t  A ' w.  ( ( . \ ■ i : ’ i i'i » : o U ) 


Coating 

Type 

"Lickness , 
rniiC*) 

Section 
of  Par.elP) 

Description  of  Corrosion 

IX 

iC0%  of  surface*  of  ail  fou:  panels  rusting 

B 

60%  of  one  panel,  and  100%  of  three  remaining  panels  have  rust 
breaking  through  coating  or  undercutting  coating  which  has  lest 
auheilon 

BX 

9e%  of  one  panel,  and  100%  of  three  remaining  panels  have  rust 
breaking  through  coating  or  undercutting  coating  which  has  lost 
adhesion. 

Cd 

0.3 

T 

No  am 

TX 

Slight  trace  of  rust  in  scratches 

B 

No  rust 

BX 

Slight  trace  of  rust  in  scratches 

Zn-Sii 

0.3 

T 

No  rust 

TX 

Traces  of  rust  in  scratches 

B 

No  rust 

BX 

Slight  trace  of  rust  in  scratches 

Zr.(CO 

0.3 

T 

TX 

No  ruat;  scattered  pinpoint  specKS  of  white  corrosion  products  along 
lower  edges  of  all  panels;  a few  scattered  Urge  white  spots  else- 
where on  all  panels 

B 

No  rust 

BX 

Few  traces  of  rust  in  scratches;  white  corrosion  products  in  scratches 

Mn 

0.5 

T 

10%,  65%,  95%,  and  95%,  respectively,  of  coatings  cn  four  panels 
have  flaked  off  and  the  expoaed  steel  is  rusting 

TX 

15%,  40%,  90%,  and  30%,  respectively,  uf  coatings  on  four  paneis 
have  Haked  off  and  the  exposed  steel  is  riming 

B 

3%,  8%,  12%,  and  40%,  respectively,  of  four  panels  have  rust 
(mostly  along  edges)  undercutnng  the  coating  or  where  coating  has 
already  flaked  off 

BX 

10%,  12%,  16%,  and  15%,  respectively,  of  four  panels  have  rust 
(mostly  along  edges)  undercutting  the  coating  0:  wiusre  coating  has 
already  flaked  off 

;TT.:!  5692 
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TABLE  A -9.  (Continued) 

Co*  tin  st 

Thickness, 
Type  mliC2) 

Section 
of  Pantl^ 

Description  of  Corrosion 

Zr.  0.  4 

T 

No  ruit 

TX 

Possible  oaces  of  nut  In.  scratches;  whies  eorroalon  products  In  scratches 

B 

No  rust 

&X 

No  ruitt  whin  corrosion  products  in  scratchsi 

Mr. -in  0,4 

T 

15%,  15%,  35%,  and  10G^  respectively,  of  the  coatings  of  four  paneh 
either  Taxed  off  or  being  undercut  by  rust 

TX 

85%,  90^  100%,  and  100%,  respectively,  of  the  coatings  of  four  panels 
either  flaired  off  or  being  undercut  by  rust 

B 

90%,  95%,  95%,  and  95%,  respectively,  of  the  coatings  of  four  paneli 
either  QaJted  off  or  being  undercut  by  rust 

BX 

100%  of  the  coatings  of  all  foul  panels  either  flaked  off  or  being 
undercut  by  rust 

Cd  0,5 

T 

No  rust;  one  pinpoint  blister  on,  each  of  two  panels 

T.X 

Numerous  traces  of  rust  in  scratches)  several  tiny  blisters  on  oae  panel 

B 

No  rust 

BX 

Rust  in  scratches  for  about  50%  of  lengths 

Zn-So  O'.  5 

T 

No  rust 

TX 

Traces  of  rust  in  scratches  for  about  60%  of  lengths 

B 

No  rust 

3X 

Slight  traces  of  tuit  in  scratches  for  about  25%  of  lengths 

Z.r,(C:r)  0.  t> 

T 

No  rust 

IX 

No  ruit 

B 

No  rust 

BX 

No  rust;  trace  of  white  corrosion  product  in  scratches 

(1)  Test  started  on  Miy  17,  1951. 

(2j  The  coating  thickness  values  (0.1,  0.3,  cad  0.5)  are  Ir.  terms  of  rails.  One  mil  * 0.  COl  inch. 

(3)  T ■ Unmarked  portion  of  pare!  which  faces  the  sky. 

TX  ■ Scratched  portion  of  panel  which  faces  die  sky. 

B Unmarked  portion  of  panel  which  faces  the  ground. 

, .ha,  ■ bcratcnea  portion  of  par.el  which  faces  the  around. 

■ ttR  cLcd  ...  r ° 
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TABLE  A'lO.  CUMULATIVE  RESULTS  OF  OUTDOOR-EXPOSURE  TESTS  AFTER  20 
MONTHS'  EXPOSURE* 


Coatlrft 

Thickness, 
Type  mil*2* 


Section 
of  Panel 


O) 


Description  of  Corrosion 


Zn  0. 1 


Cd  0.1 


Zn(Cr)  0.  1 


in  0. 3 


T All  panels  have  a uniform  gray-white  film  of  corfoiion  ptodueti  with  In* 

numerable  pinpoint  to  pinhead  spots  of  heavier  white  corrosion  product!. 
One  panel  has  no  rust,  two  panels  each  have  a trace  of  light  to  moderate 
rutt  at  top  edge:,  and  the  fourth  panel  ha:  area  at  top  edge  showing 

light  to  moderate  rust 

TX  Two  panels  have  no  rust,  two  panels  have  8ft  and  12ft,  respectively,  of 

their  surfaces  showing  light  to  moderate  rust;  general  appearance  same 
as  T.  See  text  for  explanation  of  apparent  discrepancy  between  data  of 
this  report  and  those  of  Tenth  Bimonthly  Progtesi  Report 

8 3ft,  6ft,  10ft,  40ft,  respectively,  of  the  surfaces  of  four  panels  showing 

light  to  moderate  rutt 

8X  16ft,  26ft,  30ft,  40ft,  respectively,  of  the  surfaces  of  four  panels  showing 

light  to  moderate  rust 

T No  rutt 

TX  Slight  scattered  trace:  of  rust  In  scratches 

B No  rust 

BX  Slight  scattered  traces  of  rust  In  scratches 

T No  rust;  all  panel!  have  varying  amounts  of  pinpoint  to  pinhead  spots  of 

white  corrosion  products 

TX  3ft,  12ft,  50ft,  and  50ft,  respectively,  of  the  surfaces  of  four  panels  have 

moderate  to  heavy  rutt 

B No  rust 

BX  5ft,  12ft.  35 ft,  and  35ft.  respectively,  of  the  surfaces  of  four  panels  have 

moderate  to  heavy  rust 

T Small  area  of  pinpoint  rust  r one  panel;  all  panels  have  uniform  gray- 

white  corrosion  product!  r « entire  suiface.  with  Innumerable  microscopic 
to  pinhead  spots  of  wtutu  corrosion  products 

TX  Faint  biown  stains  along  lower  edges  of  all  four  panels;  gray-white  and 

white  corrosion  products;  general  appearance  same  as  T 

3 No  rust 

BX  No  rust;  white  corrosion  products  In  icratches 


TABLE  A-LC.  (Continued) 


Coitlna 

Type 

Thickness, 
mil (2) 

Section 
of  P.mel(35 

Deicription  of  Corcoiion 

Mr.*Zn 

0.3 

T 

W%,  06%,  C6%,  end  100%,  reipectlvely,  of  the  aurf»«i  of  four  paneli 
covered  with  thickly  cluttered  1*  to  3-mm  ruit  ipott 

TX 

100%  of  turfacei  of  til  four  pencil  ooveied  with  thickly  cluttered  1-  to 
3*mm  ruit  ipoti 

B 

100%  of  turfecei  of  ell  four  peneli  have  moderately  heavy  ruu  breaking 
through  coating  or  undercutting  coating 

BX 

100%  of  lurfacci  of  all  four  peneli  have  moderately  heavy  ruat  breaking 
through  coating  or  undercutting  coating. 

NOTE;  The  0,  3 -mil  manganeae-iLnc*toated  pane  la  were  removed 
from  the  test  rack  on  January  18,  1053 

Cd 

0.3 

T 

No  ruat 

TX 

Slight  trace  of  ruit  in  icratchei 

B 

No  ruat 

BX 

Slight  trace  of  ruat  In  acratchei 

Zn*Sn 

0.3 

T 

No  run 

TX 

Tracei  of  run  in  acratchea 

B 

No  run 

BX 

Slight  trace  of  ruit  in  icratchei 

Zn(Cr) 

0.3 

T V 

TX  J 

No  ruit;  ica.tr  -d  pinpoint  ipecki  of  white  corroilon  produeti  along  lower 
edgei  of  al’  anela;  a few  scattered  large  white  ipot:  eliewhere  on  all 

pencil 

B 

No  ruit 

BX 

A few  tracei  of  ruit  in  icratchei;  white  corroilon  product!  in  acratchei 

Mn 

0.5 

T 

15%,  75%,  97%,  ar.d  97%,  retpecUvely,  of  coatings  on  four  paneia  have 
Haked  off  and  the  exposed  ateel  li  ruiting 

TX 

25%,  50%,  95%,  and  95%,  reipectlvely,  of  coating*  on  four  paneli  have 
flaked  off  and  the  exposed  iteei  li  ruiting 

3 

10%,  10%,  15%,  and  40%,  reipectlvely,  of  four  paneli  have  run  (moitly 
along  edgei)  undercutting  the  coating  01  where  coating  hai  already 
flaked  off 

56-92  i 

uppl  u 

IS 
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Coiling 


Type 

Thickneu, 

mil^ 

Section 
of  Panel 

Description  of  Corrosion 

Mn 

BX 

12%,  25$>,  2 rrjo,  and  301k,  rcipeeiiveiy,  of  four  pineli  hive  ruit  fmoitiy 
•long  edges)  undercutting  the  coitlng  or  where  ru»t  hai  already  flaked  off 

In 

0.5 

T 

No  ruit 

TX 

Pouibie  meet  of  rutt  in  icritchei;  white  ccrrotlon  producti  in  icratchei 

5 

No  ruar 

BX 

No  rust;  white  cortotion  producti  in  tcntchet 

Mn*Zn 

0.8 

T 

16%.  251k,  35%,  and  1001k,  reipectively,  of  the  coatingi  of  four  paneli 
either  hive  Hiked  off  or  ire  being  undercut  by  ruit 

TX 

881k,  901k,  1001k,  and  1001k,  respectively,  of  the  coitingi  of  four  pineli 
either  hive  Hiked  off  or  ire  being  undercut  by  ruit 

B 

85%,  951k,  1001k,  and  1001k,  reipectively,  of  the  coatingi  of  four  pineli 
either  hive  Hiked  off  or  ire  being  undercut  by  tuit 

BX 

1 Otyjs  of  the  coatingi  of  ill  four  paneli  either  have  Haked  off  or  are  being 
undercut  by  ruit 

Cd 

0.5 

T 

No  ruit;  one  pinpoint  biliier  on  each  of  two  paneli 

TX 

Numeroui  trace*  of  ruit  in  icratchei;  icveral  tiny  bliiteri  on  one  panel 

B 

No  run 

BX 

Ruit  In  icratchei  for  about  60%  of  length  1 

In-Sn 

0.6 

T 

No  ruit 

TX 

T.jcei  of  run  in  icratchei  for  about  50%  of  lengthi 

B 

No  ruit 

BX 

Slight  tracei  of  tuit  in  icratchei  for  ibout  26%  of  lengthi 

2n(C:) 

0.8 

T 

No  ruit 

TX 

No  run 

a 

No  ruit 

BX 

No  rust,  traces  of  white  corroiion  producti  in  icratchei 

Footnote!  appaar  on  the  following  page, 
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Footnote l rc  T » b ! e A. ' 1 C 


(1)  'ieit  started  on  May  n,  195 1. 

(2)  The  coetlng  thlckneti  viluet  {0.  1,  0. 3,  and  0, 5;  lie  in  termi  of  mill.  1 mil  * 0.  001  Inch. 

(3)  T * Unmarked  portion  of  panel  wh'ch  facei  the  iky. 

TX  « Scratched  portion  of  panel  which  facei  the  iky, 

B * Unmarked  portion  of  panel  which  facet  the  ground. 

BX  ■ Scratched  portion  of  panel  which  facet  the  ground. 
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APPENDIX  B.  DETAILS  OF  PLATING  AND  CLEANING 
PROCEDURES  USED  IN  PREPARING  PANELS  FOR 
THE  OUTDOOR-EXPOSURE  TEST 


=s\ 


APPENDIX  R 


Cleaning 


After  removing  the  panels  from  the  kerosene  in  which  they  were 
stored,  they  were  degreased  jr.  hot  trichloroethylene  vapors.  Following 
degreasing,  they  were  cleaned  cathodically  in  Anodex*  for  3 minute  a at  50 
asf  and  200  F,  brushed  with  hot  Anodex  solution,  and  then  given  an  additiona 
minute  of  cathodic  cleaning.  After  rinsing,  they  were  dipped  in  6N  RC1 
solution  (70  F)  for  30  seconds. 


Zinc  Plating 


The  zinc-coated  panels  and  the  zinc-plus-chromate  coated  panels 
were  plated  in  the  following  solution: 

Zn(CN)2 
NaCN 
NaOH 

Temperature:  100  F 

Current:  10  amperes** 

Anodes:  Horse  Head  Special  Zinc  enclosed  in  cuttor.  bags 
Plating  Times: 

0 . 1 mil  5 minutes 

0. 3 mil  17.  5 minutes 

0,5  mil  28  minutes 


90  g/i 
3 7.  5 g/1 
90  g/1 


Cadmium  Plating 

Cadolyte  Single  Salt***  120  g/1 

Temperature:  9C  F 

Current:  10  amperes 

Anodes:  Steel 

Bath  was  continuously  filtered. 

•McDerrr.lC,  Ir.c.  , Waternury,  Co.-.r.ecdc.j!. 

•In  thl*  and  ill  ocher  pitting,  the  cunent  it  that  per  4"x6'  panel  plot  iu  "robber -type ' rack, 
•“The  Udylts  Corporation,  Detroit  11,  Michigan. 
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Plating  Times: 

0.  1 mil 
0.  3 mil 
0.  5 mil 

Manganese  Plating 


4.7  minutes 
1 6 minutes 
25  minutes 


MnSC4.  H20 

40  g/1 

(nh4)2so4 

135  g/1 

Na2S03-  7H20 

0.  5 g/1 

Temperature:  100  F 

Current: 

30  amperes 

Anodes: 

Carbon  rods  in  porous  Alundum 

Anolyte: 

(NH4)2S04  135 

g/1 

pH:  7.5 

Plating  T 

imes: 

0.  1 mil 

3 . 5 minutes 

0.  3 mil 

1 1 minutes 

0.  5 mil 

19  minutes 

Mangane  se -Zinc  Duplex  Plating 


The  steel  panels  were  first  plated  with  manganese,  usin  g the 
manganese  bath  which  haB  been  described. 

Zinc  could  not  be  plated  directly  on  electrodeposited  manganese  from 
the  ordinary  zinc  baths,  so  a special  strike  solution  was  devised.  Its 
composition  is  as  follows: 

Zn(CN)2 
NaCN 
NaOH 

Temperature:  80  F 

Current:  30  amperes 

Anodes:  Stainless  steel 


5 to  7 , 5 g/i 
5 g/i 
5 g/1 


In  using  the  strike  solution,  the  manganese-coated  p aHci  TT,  M 5 t be 
immersed  with  the  current  on, 

After  the  strike  coating,  the  balance  of  the  required  zinc  was 
deposited  fro  n a special  acid-type  zinc  solution  developed  here  for  other 
applications.  Since  the  manganese-zinc  coating  did  not  perft  .m  well  in 
exposure  touts,  release  of  information  on  the  zinc  deposition  is  not  needed. 

Plating  Times: 


Time,  minutes 


T otal 
Thicknes  s 

Mangane  s e 

Z inc 

Strike 

Zinc 

Plate 

0,  1 mil 

1.  75 

1.0 

1.5 

0.  3 mil 

5.  5 

1.0 

4.  7 

0,  5 mil 

9.  5 

1.0 

8.  3 

Zinc-Tin-Alloy  Plating 


The  bath  used  for  plating  the  zinc-tin  alloy  has  been  described  by 
Cuthbertson*.  Its  composition  ia  as  follows: 


Tin  (as  sodium  stannate)**  30  g/1 

Zinc  (as  zinc  cyanide)  2.  5 g/l 

NaOH  (free)  4 to  6 g/l 

Total  cyanide  (as  NaCN)  25  to  28  g/l 

Free  NaCN  17,5  g/l 

Temperature:  140  F 


Anodes:  Cast  20%  zinc-80%  tin  alloy 
Current:  15  amperes 


'J.  Elecuochern.  Soc,  , 94,  73  (1948), 

"High  polity  suirume  is  eaaentiil.  The  usual  commercial  material  wai  not  pure  enough.  Material  of  luluble 
quality  wu  obtained  from  Metal  and  Tne::ru  Ccrp.  , Rahway,  New  Jeiiey,  and  J.  T.  Baxer  Chemical  Co.  , 
Phtlllpiburg,  New  Jeraey, 


5^2  - uppl 


5u 


The  bath  should  be  made  up  as  follows;  fill  the  container  to  two- 
thirds  of  its  volume  with  waterj  preferably  distilled  or  deionized  softened, 
and  heat  to  140  F,  Dissolve  the  NaCN,  NaOH,  and  Zr.fCN)^,  ir.  that  order 
Finally,  add  the  sodium  star.naie.  Analyze  the  solution  a*id  adjust  the 
components.  It  is  well  to  hold  the  bath  at  temperature  lor  1 to  3 days  bef< 
plating. 


Chromate  Ccatmq  on  Zinc  Plate 

■ -M 1 ■ ,■■■■  


The  Cronak*  process  wai  used  to  produce  & chromate  conversion 
coating  on  12  of  the  Einc-coated  panels, 

H2S04{Conc,}  30  ml/1 

200  g/1 

Temperature:  70  F 

The  einc-coated  panels  were  immersed  wet  for  10  to  15  seconds 
with  slight  agitation,  removed,  drained  for  15  to  20  seconds,  rinsed  in 
70  F water,  then  in  150  F water,  and  finally  dried, 


ABT:  JEB:GS:GF  :CLF / mas/pjs/nlh 
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"New  Jersey  Zinc  Co,  . L',  S.  Piter.t  2,038,380. 


